without self-intersection points) closed curve c , the rotation number is equal to 1 ± , and two closed curves are deformed to each other (by regular homotopy) if and only if they have the same rotation number. A simple closed curve c admits at least four vertices at which the derivative ( ) s κ vanishes.
Space curves
A curve c in Euclidean space
using a parametric representation. It is assumed that ( )
is linearly independent of the tangent vector
. Arc length ( ) s s t = is defined by (2) and one gets the parameterization of c by arc length. Then 1 ( ) ( ) s s = e x is a unit vector and 
Surfaces in Euclidean Space
Fundamental forms and curvature In nature one sees various curved surfaces and nowadays curved surfaces are put use to designs, e.g. for cars. In differential geometry, one treats parameterized surface S given by a map
from a domain D of 1 2 u u -plane into 3 , where guarantee that S is a 2-dimensional figure, one takes curves 1
on S fixing 2 1 u u , respectively and assumes that the tangent vectors to these parameter curves 
a unit normal vector to S . 
of S , the signed distance from a nearby point . For such a curve, the normal component of (0) x , called the normal curvature, is given by 
x -axis is a typical surface for which K H , take simple forms. 
If 0 K ≡ this is a familiar theorem that the sum of angles of a triangle in Euclidean plane is equal to π , and if 0 K > (resp. 0 K < ) on Δ the sum of angles of a triangle is greater (resp. less) than π . Indeed a surface S with 1 K ≡ − gives a local model for hyperbolic geometry, although the whole hyperbolic plane cannot be realized as a surface in 3 .
In the above one considered a piece of a surface, and now wants to define the whole surface. A subset S of 3 is called a regular surface of class 
Here are some global results that characterize the sphere: If the Gaussian curvature K of a closed surface is equal to a constant r , then 0 r > and S is a sphere of radius 1 r /
. If the mean curvature K of a closed surface is equal to a constant h , then 0 h ≠ and S is a sphere of radius 1 h . A closed regular surface S in 3 admits an elliptic point.
If 0 K > everywhere, S is homeomorphic to sphere and called an ovaloid, since S lies on the one side of p T S at each p S ∈ and bounds a convex set of 3 .
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